The registration of an experience to memory proceeds after the event is over in a process referred to as consolidation (Dudai, 2004; McGaugh, 2000) . Recent studies have identified poststimulus human brain activity that may reflect elements of consolidation (Axmacher, Elger, & Fell, 2008; Ben-Yakov & Dudai, 2011; Stevens, Buckner, & Schacter, 2010; Tambini, Ketz, & Davachi, 2010) . We recently reported that immediate poststimulus hippocampal activity, time-locked to the offset of naturalistic episodes, is predictive of subsequent memory (Ben-Yakov & Dudai, 2011) . This activity may reflect episodic binding or early consolidation. However, in real life, events occur in succession, raising the question how the immediate offline processing of a cohesively perceived event is affected by presentation of a consecutive event. Two possibilities come to mind-the hippocampus may process both events as a single unit (responding only during lulls), or it may process each event separately (responding at the offset of each event), cued probably by event segmentation (Kurby & Zacks, 2008) .
The hippocampus has previously been shown to be involved in retrieval across event boundaries (Swallow et al., 2011) , while the parahippocampal gyrus has been implicated in within-event binding (Ezzyat & Davachi, 2011) . Together with the role of the hippocampus in binding episodic elements across time (Staresina & Davachi, 2009; Tubridy & Davachi, 2011) , these findings link the medial temporal lobe to event segmentation, favoring the second possibility, that the hippocampus would respond at the offset of each event. Behaviorally, presentation of a consecutive event may retroactively interfere with subsequent memory for the first event (Wixted, 2004) , raising the question whether behavioral interference, if observed, would be reflected in alteration of the hippocampal response at event offsets.
With this in mind, we presented participants with brief narrative movie clips that were followed either by a fixation screen or by an additional clip (another narrative movie clip or a visually scrambled clip), in a functional magnetic resonance imaging (fMRI) scanner. A subsequent cued-recall test outside the scanner revealed retroactive, but no proactive, interference with memory perfor-mance. In a previous study (Ben-Yakov & Dudai, 2011) , we found the hippocampal response to be triggered by the offset of the event (movie clip). The current paradigm allowed us to examine how the hippocampus processes consecutive brief events.
First, we tested whether the hippocampus processes each brief clip as a discrete event or responds to clip pairs as single events. We observed a hippocampal response at the offset of each clip, suggesting that each clip was processed as a separate event. Second, we tested whether the observed behavioral interference induced by the second clip was reflected in alteration of the offline response. We found that presentation of a second clip attenuated the hippocampal offline response to the first clip, while the response to the second clip resembled the response to a single clip. This suggests a potential link between modulation of offline hippocampal activity and immediate retroactive interference.
Method Participants
Twenty-seven right-handed native Hebrew speakers (15 females; M age ϭ 27.2 years, SD ϭ 3.2 years) were recruited for the experiment. Participants were recruited from the Weizmann Institute of Science and from the Hebrew University Faculty of Agriculture in Rehovot, Israel, all with normal or corrected to normal vision. The experimental protocol was approved by the Institutional Review Board of the Sourasky Medical Center, Tel-Aviv, Israel, and informed consent was obtained prior to participation. Three participants were removed from all analyses, two due to a technical problem in the scanner and one participant due to periodic abrupt movements.
Stimuli
Participants viewed a series of audiovisual clips (each 8 s long) during fMRI scanning. The stimuli consisted of 159 narrative movie clips (in Hebrew) unfamiliar to the participants, as well as 24 visually scrambled clips (pixelated colored rectangles, accompanied by nondistinctive background noises; Ben-Yakov & Dudai, 2011) . Based on previous results (Ben-Yakov & Dudai, 2011) , where we varied the clip lengths from 4 s to 16 s, we focused here on 8-s clips. All clips (narrative and scrambled) had a visual angle of 7.5°ϫ 5.7°and were presented on a gray background.
Experimental Procedure
The experiment consisted of two phases-a Study phase (see Figure 1A ) that took place inside an fMRI scanner and a Test phase (see Figure 1B ) that took place in a separate room, outside the scanner. On each trial of the Study, a narrative movie clip was presented, immediately followed by one of the following three: an immediate fixation screen (Clip_Fix, N ϭ 45); an additional, unrelated, narrative clip followed by a fixation screen (Clip_Clip, N ϭ 45); or a visually scrambled clip followed by a fixation screen (Clip_Scr, N ϭ 24). The fixation screen consisted of a red cross on a gray background, presented for a varying duration (6 -18 s, M ϭ 12.26 s). The study session was divided into three scanning blocks, each lasting approximately 17 min. At the beginning of each scan, an 8-s audiovisual sequence was presented to allow accommodation to the fMRI environment. To ensure the participants' alertness, a mental calculation task was introduced twice during each block. Participants were presented with a sequence of three 3-digit numbers, each presented for 3 s, and requested to indicate whether each number was divisible by 3. The stimuli were presented on a screen (Presentation, Version 14.9; Neurobehavioral Systems, San Francisco, CA) that was situated behind the participants' head and viewed via a mirror on the head coil; the audio was presented with MRI-compatible head phones (MR Confon GmbH, Magdeburg, Germany). Prior to the Study phase, participants were instructed to attend the presented clips for a subsequent test yet not to engage in active rehearsal. They were informed beforehand that the test would entail cued-recall of the clips' gist.
The Test phase started 20 min after the Study phase and consisted of a self-paced computerized cued-recall test, with one question per each clip presented at study (in randomized order). The Study phase, which took place in a functional magnetic resonance imaging (fMRI) scanner. The Study was divided into three scans, with 38 trials in each scan (a total of 114 trials). Each trial started with an 8-s movie clip and ended with a fixation screen. Between the clip and the fixation there was an additional movie clip (45 trials), a visually scrambled clip (24 trials), or nothing (i.e., the fixation followed the clip directly; 45 trials). B: A self-paced computerized test, outside the scanner, 20 min after the end of the Study. A question about each clip was presented along with a visual cue, and participants typed in their answer. The questions were followed by a confidence rating screen. med ϭ medium. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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The questions referred to the gist of the clips (requiring participants to integrate information presented over the course of the clip; e.g., "What did the woman say to the man?") and were accompanied by frames from the corresponding clips as visual cues. Participants were instructed to type in their answers in the allotted space (the questions were open-ended) or indicate they did not remember the answer. After each question that was answered, a confidence level screen was presented and participants rated their degree of confidence in the previous answer using a visual analogue scale (VAS) ranging from 0 to 100. Clips corresponding to correctly answered questions were categorized as "Remembered," while clips corresponding to unanswered and incorrectly answered questions were categorized as "Forgotten," and in cases when it was not completely clear whether an answer was correct, the corresponding clip was removed from analysis (M ϭ 4.1%, SD ϭ 2.2%, of the clips were removed). The confidence ratings were not incorporated into the answer categorization, as participants tended to rate Remembered clips with high confidence. fMRI acquisition and preprocessing. All imaging was performed on a 3T Trio Magnetom Siemens scanner at the Ascher Imaging Center, Weizmann Institute of Science. Functional images were acquired using a T2
‫ء‬ -weighted gradient-echo echoplanar imaging sequence (repetition time [TR] ϭ 2,000 ms, echo time [TE] ϭ 27 ms, flip-angle ϭ 75°, 32 slices with no gap, at 30°t oward coronal from anterior commissure-posterior commissure, slice thickness ϭ 3 mm, 3 ϫ 3 ϫ 3 mm resolution, matrix ϭ 80 ϫ 80, field of view ϭ 24 cm) divided into three separate scanning sessions. Following the functional scans, high-resolution (1 mm 3 ) 3-D anatomical images were acquired using a T1-weighted MP-RAGE pulse sequence (1 ϫ 1 ϫ 1 mm resolution, TR ϭ 2.3 s, TE ϭ 2.98 ms, inversion time ϭ 900 ms, flip angle ϭ 9°). All data were preprocessed using BrainVoyager QX 2.4 (Brain Innovation). The volumes acquired during the initial audiovisual sequence of each scan were discarded.
Each scan was corrected for slice-scan timing and motion correction, and then low frequencies were removed with a high-pass filter. In addition to the motion correction, for each participant we identified time points in which there was abrupt motion (defined as a difference of Ͼ0.4 mm between two consecutive time points). If these time points coincided with a large deviation in the global brain activity (Ͼ1.5 SD difference from the mean), the corresponding events were excluded from analysis (M ϭ 5.3 clips removed per participant, SD ϭ 5.7). All functional and anatomical data were spatially normalized to Talairach space (Talairach & Tournoux, 1988 ). An additional alignment procedure was conducted prior to group-level whole brain analyses (but not for analyses based on anatomical region of interest [ROI] ). Using a nonlinear diffeomorphic transformation method (Vercauteren, Pennec, Perchant, & Ayache, 2009 ) implemented in MEDInria software (Toussaint, Souplet, & Fillard, 2007) , the anatomically defined hippocampus of each participant was aligned with that of a representative participant used as the target (Stark & Okado, 2003) .
Anatomical ROI definition. We demarcated the bilateral hippocampus of each participant based on the anatomical images using a semiautomated procedure (see Figure 1 in the online supplemental materials for an example of anteriorposterior division). We first used FreeSurfer image analysis suite (http://surfer.nmr.mgh.harvard.edu/) to automatically label the hippocampus (Fischl et al., 2002 (Fischl et al., , 2004 , then manually corrected the anatomical labeling. As the FreeSurfer Talairach normalization slightly differs from that of BrainVoyager, the segmentation was projected to the participants' native space and then converted to Talairach space matching the anatomical and functional data. Each hippocampal region of interest (ROI) was then manually divided to anterior and posterior ROIs, using the most posterior coronal slice in which the uncal apex was visible as the border (Poppenk & Moscovitch, 2011; Weiss, Dewitt, Goff, Ditman, & Heckers, 2005) .
fMRI Analyses
The fMRI data were analyzed using BrainVoyager QX 2.4 (Brain Innovation) in combination with in-house code (MATLAB, Version 7.12 R2011a, MathWorks) and the NeuroElf toolbox (Version 0.9c http://neuroelf.net/). For ROI analyses, the average time course for each participant was extracted and normalized using z normalization. The time course was then averaged across events (clips) of the defined conditions. General linear model (GLM) analyses were conducted using a two-gamma hemodynamic response function (HRF) with parameters (time-to-peak ϭ 7 s; time-toundershoot-peak ϭ 14 s; see supplemental materials Figure 2 ) derived from an independent data set (Ben-Yakov & Dudai, 2011) . The single-participant analyses were conducted by convolving boxcar predictors (duration of a single TR at clip offset) with the adapted HRF (using the parameters derived from the previous experiment) to extract individual beta weights. These beta weights were then passed to group-level random-effects analyses. The single-participant beta weights also served as estimates of response amplitude for ROI t tests and analyses of variance (ANOVAs) comparing the different presentation conditions. To ensure the validity of statistical tests (t test/ This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
Results

Behavioral Performance
Participants remembered 43.9% (SE ϭ 3.2%) of all clips. A division of clips according to presentation condition (Clip_Fix: clips followed immediately by a fixation screen; Clip_Scr: clips followed by a scrambled clip; Clip1/Clip2: the first/second clip of a pair presented in succession) revealed a significant effect of presentation condition on memory performance (see Figure 2 ; repeated-measures ANOVA, F(3, 23) ϭ 8.75, p Ͻ .0001, p 2 ϭ .28). Post hoc t tests (Holm-Bonferroni-corrected for multiple comparisons) revealed that this effect was due to significantly better performance (p Ͻ .05; see supplemental materials Table  1 for details) in both Clip_Fix and Clip2 (followed by fixation) relative to both Clip_Scr and Clip1 (followed by an audiovisual clip). While there was better memory for the Clip_Scr condition (M ϭ 41.2%, SE ϭ 3.9%) than the Clip1 condition (M ϭ 38.7%, SE ϭ 3%), this difference did not reach significance. Likewise, there was no significant difference between the Clip_Fix condition (M ϭ 46.6%, SE ϭ 3.5%) and the Clip2 condition (M ϭ 47.7%, SE ϭ 3.4%). Thus, the behavioral results reveal retroactive, but not proactive, interference when presenting two audiovisual clips in succession.
fMRI Results
Hippocampal response is elicited at clip offset. Guided by our previous findings on hippocampal response at stimulus offset (Ben-Yakov & Dudai, 2011), we first tested for an activity increase at event offset. A general contrast clip-offset Ͼ baseline revealed robust hippocampal activity (see Figure 3A ; p Ͻ .001 Bonferroni-corrected). When extracting the beta weights for anatomically defined hippocampal ROIs, the degree of offline activity was positively correlated with participants' overall memory performance (see Figure 3B ). As two successive clips constitute distinct events, we hypothesized that the hippocampus would respond separately at the offset of each clip rather than at the perceptual offset (i.e., at the end of the entire 16 s, as we observed when presenting single clips of 16 s; Ben-Yakov & Dudai, 2011) . When modeling the average response to a clip pair as a linear summation of a This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
response to each clip offset, the model provided a good fit to the average hippocampal data (see Figure 4) . Hippocampal response at event offset and retroactive interference. The posterior, but not the anterior, hippocampus displayed a significant reduction (p Ͻ .05) in offline activity when a subsequent movie clip was presented (see Figure 5A and see supplemental materials Table 2 for detailed statistics). The degree of signal reduction in the posterior hippocampus corresponded to the degree of interference across conditions (see Figure 5A) . Presentation of two successive narrative clips was paralleled by significant reduction of the response to the first clip (p Ͻ .05), while presentation of a scrambled clip was paralleled by reduction of the response to a lesser degree, mirroring the pattern of the behavioral effect. Further in concordance with the behavioral effect, there was no significant difference (p Ͼ .5) between the offline response to a single clip (Clip_Fix) and the second of two successive clips (Clip2). A similar trend was observed when analyzing only the Remembered clips under different presentation conditions (see supplemental materials Figure 3) .
We next proceeded to determine whether presentation of a second clip attenuated the difference due to memory effect (Dm; Paller, Kutas, & Mayes, 1987) at clip offset. First we examined whether the hippocampal regions exhibited such an effect for single clips. A comparison of the response at the offset of Remembered versus Forgotten clips (Remembered-Offset, ForgottenOffset) revealed a significant Dm effect in the bilateral anterior hippocampus (see Figure 6A and see supplemental materials Table  3 for detailed statistics). While the posterior hippocampus exhibited a similar trend, it did not reach significance (and the difference was significantly lower than in the anterior hippocampus, F(1,23) ϭ 12.9, p ϭ .0015, p 2 ϭ .36). We thus focused the subsequent Dm analysis on the anterior hippocampus. We found that presentation of a consecutive narrative clip significantly reduced the Dm effect in the right anterior hippocampus (see Figure 6B ; the reduction in the left anterior hippocampus reached near significance, with p ϭ .055, and see supplemental materials Table 4 for detailed statistics). Again in concordance with the behavioral effect, there was no significant difference between the Dm effect for Clip_Fix versus Clip2. Clip_Scr was not entered in this analysis, as there were too few Remembered events (the total number of events in this condition was 24). Thus, presenting two stimuli in succession affected the offline response in anterior and posterior hippocampus in different ways. In the posterior hippocampus, presentation of a second clip reduced the overall offline response, whereas in the anterior hippocampus, it reduced the difference between Remembered and Forgotten clips. These effects corresponded with the behavioral degree of interference (see Figures 5 and 6) .
Notably, additional regions exhibited a response pattern similar to that of the hippocampus at clip offset (see supplemental materials Figures 4 and 5) . Analysis of the aforementioned regions, however, exceeds the scope of the present discussion, which is guided by the theme of this special issue.
Discussion
When presenting participants with brief narrative movie clips, the hippocampus responded at the offset of each clip, even when This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
ENCODING CONSECUTIVE EPISODES IN THE HIPPOCAMPUS
two clips were presented in succession, suggesting each episode was processed as a discrete event. The response to the first clip, however, was attenuated by presentation of an additional clip, more so when the second clip contained meaningful information, corresponding to the behavioral interference. We previously reported offline encoding-related activity in the hippocampus in response to isolated clips (Ben-Yakov & Dudai, 2011) , raising the possibility that event offsets trigger hippocampal activity. The current experiment allowed us to dissociate between the event offsets and the onsets of the subsequent "rest" periods (fixation screens), indicating that the offset of a cohesive brief event, rather than the advent of a lull in information, triggers the immediate offline hippocampal response.
We posit that event boundaries may cue hippocampal activity during naturalistic encoding, complementing previous findings linking the hippocampus to event boundaries during retrieval (Swallow et al., 2011) . Hence, the termination of the brief clip, and the resulting event boundary, may signal mismatch between expectation (continuation of the narrative) and reality (its discontinuation; Rescorla & Wagner, 1972) and execute a hypothetical "now print" command to the accumulated coherent episode. It is tempting to further suggest that at the circuit level, this immediate postevent hippocampal activity may reflect rapid replay of the preceding event, proposed to promote the linking of episodic sequences (Carr, Jadhav, & Frank, 2011; Foster & Wilson, 2006) . The amplitude of the response in each condition (beta value estimates), demonstrating a significant effect ( ‫ء‬ p Ͻ .05; L Hipp p 2 ϭ .22, R Hipp p 2 ϭ .18) of presentation condition on the offset response to the first clip in the bilateral posterior hippocampus. This was due mainly to a significant reduction in the response to Clip1 of a clip pair (p Ͻ .005 in the left posterior hippocampus and p Ͻ .05 in the right posterior hippocampus). In addition, the offset response to a single clip and the offset response to Clip2 of a clip pair were strikingly similar (p Ͼ .5; L Hipp p 2 ϭ .09, R Hipp p 2 ϭ .06). Notably, the amplitude of the response at clip offset in the different conditions mirrors the behavioral results of memory performance (see Figure 2 ). L ϭ left; R ϭ right; Hipp ϭ hippocampus. In both panels, error bars reflect the standard error of the mean (across participants). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Presentation of two clips in succession resulted in impaired memory performance for the first clip (but intact memory performance for the second clip), a form of retroactive interference (Müller & Pilzecker, 1900; Wixted, 2004) . Retroactive interference was suggested to reflect two phenomena (Skaggs, 1933; Wixted, 2004) -interference based on similarity, construed as cue overload, whereby competing memories are associated with the same cue; and "nonspecific" interference based on temporal proximity, later construed as disruption of initial consolidation by encoding of new information (Mednick, Cai, Shuman, Anagnostaras, & Wixted, 2011) , or as disruption of early working-memory (WM) processes (Ranganath, Cohen, & Brozinsky, 2005) . A recent study (Kuhl, Shah, DuBrow, & Wagner, 2010) examined the neural correlates of similarity-based interference, linking posterior hippocampal activity with resistance to interference. Our data raise the possibility that the posterior hippocampus may also be linked to nonspecific retroactive interference. Of note, we did not observe a reverse effect, of the first clip on the second clip, neither behaviorally (i.e., proactive interference) nor as an attenuation of prestimulus activity, though prestimulus hippocampal activity has previously been reported to be linked to successful encoding (Adcock, Thangavel, Whitfield-Gabrieli, Knutson, & Gabrieli, 2006; Park & Rugg, 2010) .
A separate examination of the anterior and posterior hippocampus revealed a functional dissociation between the two. In both the anterior and posterior hippocampus, presentation of an interfering stimulus was reflected in a disruption of offline processing. In the posterior hippocampus the overall offline response was reduced, while in the anterior hippocampus the subsequent memory effect was reduced (offline difference between subsequently remembered vs. forgotten clips).
Previous studies have reported preferential involvement of the posterior hippocampus in retrieval and of the anterior hippocampus in encoding (Dolan & Fletcher, 1999; Spaniol et al., 2009 , but see Schacter & Wagner, 1999 , specifically when encoding novel items (Poppenk, McIntosh, Craik, & Moscovitch, 2010) . A possible interpretation of the dissociation we observed is that the posterior offline activity reflects a rapid recapitulation of the preceding event. This, in turn, may facilitate the registration of the event to memory as a whole, a process occurring in the anterior hippocampus. However, it is important to note that we analyzed the entire anatomical posterior hippocampus as a single ROI, and finer regions within the posterior hippocampus may exhibit a Dm effect as well.
All in all, we observed a memory-predictive hippocampal response at event offset and found that it was attenuated by consec- Figure 6 . Effect of second clip presentation on the difference due to memory (Dm) effect in the anterior hippocampus. A: The Dm effect at clip offset (Remembered-Offset Ͼ Forgotten-Offset) in the anterior and posterior hippocampus. There was a significant Dm effect only in the anterior hippocampus (bilaterally). B: The difference in response amplitude between Remembered and Forgotten clips, according to presentation condition. Results for Clip_Scr are not shown due to an insufficient number of events. The results demonstrate a significant Dm effect ( ‫ء‬ p Ͻ .05; stronger response to Remembered vs. Forgotten clips) at clip offset for both Clip_Fix and Clip2 conditions. No such effect was observed for Clip1 ( ‫ءء‬ p Ͼ .7), for which the Remembered-Forgotten difference was significantly lower than for the Clip_Fix (p Ͻ .05; in the left hippocampus this effect reached near-significance only at p ϭ .055). R ϭ Remembered; F ϭ Forgotten. This document is copyrighted by the American Psychological Association or one of its allied publishers.
utive presentation of behaviorally interfering stimuli. What may this activity reflect? As the activity (a) occurs after stimulus offset, (b) is predictive of subsequent memory and (c) is attenuated by interfering stimuli, it is tempting to speculate that it reflects an early consolidation process. However, additional studies probing memory at different intervals and addressing causality are required to determine whether this truly reflects a signature of initial consolidation (Carr et al., 2011; Dudai, 2012; Mednick et al., 2011 ). An additional question is what precipitates this offline response? We postulate that the occurrence of event boundaries (Kurby & Zacks, 2008) , probably associated with mismatch and surprise (e.g. Duncan, Ketz, Inati, & Davachi, 2012; Kumaran & Maguire, 2006; Rescorla & Wagner, 1972) , may cue the registration of events to memory as part of natural encoding and consolidation processes. As we employed an intentional encoding paradigm, we cannot rule out the possibility that this offline activity reflects WM maintenance (Leszczynski, 2011) , although participants were instructed to avoid rehearsal. Notably, the duration of the offline response is brief and highly consistent across experiments, indicating it is more likely to reflect an automated process than active rehearsal.
The classic view of WM considers it as a limited capacity cognitive system that processes and holds information during the planning and execution of a task under attentional control (Baddeley, 1992) . The hypothetical episodic buffer in WM (Baddeley, 2000) provides a potential bridge between WM and episodic consolidation. Although originally this buffer was considered under attentional control (Baddeley, 2003) , it was later proposed to comprise a passive system that contributes to binding of multimodal information into unitized episodes (Baddeley, Allen, & Hitch, 2011) . This implies that the hypothetical buffer, though considered accessible to awareness, may not necessarily be contingent upon it. Our findings raise the possibility that the attenuation of the hippocampal offline response induced by behaviorally interfering stimuli may reflect disruption of the operation of a temporary episodic buffer. The hippocampus may thus play a role in the segmentation of ongoing experiences into cohesive events and the registration of these events to memory. Such cognitive parsing may occur in the absence of conscious awareness, in line with recent reports that extend the role of the hippocampus beyond the traditional declarative system (Reber, Luechinger, Boesiger, & Henke, 2012) . Further analysis of immediate poststimulus activity might hence advance our understanding of the mechanisms of consolidation, WM, and their interplay in the hippocampus.
